Abstract. Environmental flow is essential for restoring ecological health of a river. Reviewing water quality is integral determinant for exploring Environmental Flow Requirements (EFR) of any river. Vishwamitri is a seasonal river, affected by various Point Sources (PS) and Non-point Sources (NPS) of pollution. This study projects the assessment of various general physico-chemical parameters, heavy metals and biological parameters for water samples collected from various seven sampling stations along the Vishwamitri River. From the analysis it is observed that both BOD and COD values are found more whereas DO values are found less than the desirable limit in downstream water of Vishwamitri in all seasons. The colour of water is mostly observed changing from colourless to slight yellow at downstream stretch of the river in both the premonsoon and monsoon seasons. River near Kalaghoda Bridge in Vadodara City has represented odorous water quality in all seasons. At most of the sampling locations, total coliforms counts were exceeding the limits of standard of class "C" during pre-monsoon and monsoon seasons. In monsoon and post-monsoon seasons, most of the sampling stations represented considerably less counts of fecal coliforms. The values of iron and zinc were also observed higher than desirable limit at few sampling stations. Slight changes in the water quality of the river water were observed due to dilution and variation in flow conditions during the monsoon and post-monsoon period. Continuous monitoring of water quality of Vishwamitri and implementation of action plans to control pollution of river is an urgent need.
INTRODUCTION
The Vishwamitri River is a seasonal river which flows east to west between the Mahi and Narmada rivers in Gujarat. The river is having very steep slope at its origin and then flows through the gentle plane. Vishwamitri is major tributary of Dhadhar river, which merges with Arabian Ocean near Khambhat where the Kalpasar Project is proposed. The Vishwamitri River originates from Pavagadh hill at about 22°30" N latitude and 73°45" E longitude. Surya river and Jambuva river are two major tributaries of Vishwamitri. Vishwamitri watershed comprises of 9-mini-watersheds which cover a total area of about 1185 km 2 (Patel, 2014) . The historical Vishwamitri River is converted into sewer draining most of the pollutants from its own catchment area. Various sources of pollution like sewage effluent disposal sites, industrial effluent disposal sites, land fill sites, slums, etc. were observed while monitoring the various stretches of Vishwamitri. The stretch of Vishwamitri on upstream of Vadodara city is surrounded with rural as well as industrial development. This upstream stretch is affected by release of partially treated or untreated sewage from villages and industrial effluents. The River flows west through the Vadodara city in middle of its 21.80 km stretch with less carrying capacity and less velocity. This stretch of river is affected by stormwater drains flowing mainly sewage, industrial waste water and solid waste. River is also surrounded by solid waste dump sites, sewage treatment plants and recreational sites (Deshkar, 2014) . The pollution resulting in Vishwamitri is largely due to less flow and discharge of the untreated sewage, which enters through various points across the stretch of the river in the city. Jambuva River, collecting sewage from Vadodara city, merges at downstream stretch of Vishwamitri. The villagers living on the bank of river as downstream users are unable to use the river water. They need to go far away to find drinking water source. The downstream water is used for irrigation purpose by the adjoining farms though it is found medium to very bad for irrigation purpose (Sharma M, 2016) . The flow in Vishwamitri is very low except in rainy season. River mainly flows in the month of July, August, and September (Vyas et al., 2014) . The river ceases flowing in dry season due to diversions of river water at its upstream during rainy season to Ajwa reservoir. Also, the river being non-perennial, the water flowing in the river for most part of the year is nothing but let out of sewage which has made the river odorous at some locations. It is need of hour to take maximum benefits of river water by ensuring required quantity and quality of water flow to sustain life. This can be initiated through exploring preliminary environmental flow requirements of Vishwamitri through its qualitative assessment.
The present work aims at examining the spatial and temporal variations in various general physicochemical parameters, heavy metals and biological parameters at various seven sampling stations along the Vishwamitri from source to sink. Observed test results of various parameters were compared with relevant standard levels to know the present status of the water quality of the river. Such qualitative analysis of river can be used to stratify its stretches in various classes based on their pollution level for best designated use and the supplementary environmental flow can be worked out to improve present class of river.
MATERIALS AND METHODS

Sample preparation
Study area
Based upon the location of the point and non-point sources of waste discharges, seven sampling stations (Two stations-in upstream stretch, Three stations-in middle stretch within Vadodara city and Two stationsin downstream stretch) along the stretch of Vishwamitri were been selected. Geographical locations of all sampling stations were been ascertained using hand held Garmin GPSMAP 78s Global Positioning System device. Details of all seven sampling stations along the Vishwamitri with their geographical coordinates and surrounding conditions are given in Table 1 . 
Laboratory determinations
The 
RESULTS AND DISCUSSIONS
The average of observed values for various general physico-chemical parameters during pre-monsoon, monsoon and post-monsoon seasons at various sampling stations are represented in Table 2 . The observed values of various indicative parameters and heavy metals at various sampling stations during different seasons are represented in Table 3 . Table 4 represents observed individual values of descriptive physical parameters i.e. Colour and odour and biological parameters i.e. Coliforms and fecal coliforms for two samples collected at all sampling stations during each season.
Analysis Of Various Water Quality Parameters
Dissolved Oxygen
Adequate DO is necessary survival of aquatic organism and decomposition of waste by microorganism (Sharma and Gupta, 2014) . The minimum concentration of dissolved oxygen should be 5.0 mg/l at 20°C or 57% dissolved oxygen saturation for healthy condition of aquatic life whereas the DO below 2 mg/l may lead to the death of most fishes in fresh water Bharti, 2016 and Chapman, 1996) . DO may be a potential indicator of river quality in assessing urban impacts on river ecosystem (Kannel et al., 2007) . In all seasons, the DO values are found more before Vishwamitri passes through the Vadodara city. Various anthropogenic activities, release of partially treated sewage and domestic waste can be the reason of decreased DO values in downstream water of river. As per CPCB classification, based on results of DO, the river water quality at station 1 and 2 can be designated as class "C", whereas the same at other stations can be categorized as class "E".
Temperature
Temperature governs to a large extent the biological species present and their rates of activity. The variation in temperature in different seasons in the present study was mainly due to the climatic changes of the environment. Temperature is observed more than 300C at most of the stations during pre-monsoon whereas the same has been observed less than 300C at most of stations during monsoon and post-monsoon season.
Turbidity
Turbidity measures water quality and due to suspended solid materials such as clay, silt, colloidal organic matter, planktons, and other organisms (Dormer et al., 2007) . Increase in the values of turbidity at all the stations in monsoon and postmonsoon seasons may be due to rainwater carrying suspended particles and the discharge of industrial effluents from various Non-Point Sources (NPS) . Turbidity values at most of the stations are observed more than permissible limit in all the seasons i.e. 10 NTU (WHO, 2007) .
Hydrogen Ion Potential
Hydrogen Ion Potential (pH) generally indicates the nature of water quality as acidic or alkaline. The pH values along the river are found decreasing once river enters in to Vadodara city after station 2. The possible reasons for the decrease in pH in monsoon season could be an outcome of sewage and disposal of domestic wastes through non-point sources (NPS) (Chaudhary et al., 2004) . At most of the stations the value of pH is found increasing in post-monsoon season.
Total Hardness
Hardness is mainly due to cations like calcium, magnesium, strontium, iron and manganese. Bicarbonate and carbonate are anions responsible for hardness. In pre-monsoon season, few of the sampling stations were representing higher values of total hardness than desirable limit of 300 mg/l (IS: 10500, 1991) which may be due to low level of water and low velocity of water current (Shukla et al., 1992) . Stations S-3, S-4, S-5, S-6 and S-7 were been observed with values of hardness more than150 mg/l in all seasons. 
S-1 S-2 S-3 S-4 S-5 S-6 S-7 Station
No.
S-1 S-2 S-3 S-4 S-5 S-6 S-7
Season Pre-Monsoon Monsoon Post-Monsoon
Chlorides
It is observed that at most of the stations, the average values of chloride contents were low in monsoon and post-monsoon seasons than pre-monsoon. The values of chloride contents at stations 5, 6 and 7 are found higher than other stations in monsoon and postmonsoon seasons. Higher concentration of chloride content indicates heavy pollution (Bhalla and Bharti, 2014) .
Dissolved Solids
Dissolved Solids are direct measure of all the dissolved particles, both organic and inorganic in water. At most of stations, the dissolved solids values had dropped down during monsoon and post-monsoon seasons compared to that in pre-monsoon. During post-monsoon season, few stations represented higher value of dissolved solids than desirable limit i.e. 500 mg/l and within permissible limit i.e. 2000 ml/l. Higher values of DS in downstream stretch of river (i.e. From station S-5 to S-7) can be attributed to the discharge of untreated domestic wastewater and industrial pollution at the upstream of the stretch.
Calcium
The quantity of Ca in natural water generally varies from 10 to 100 mg/l depending on the type of rocks (Trivedi and Goel, 1986) . At all sampling locations during all seasons the Ca values were observed within desirable limit i.e. 75 mg/l.
Magnesium
Stations S-4 to S-7 have represented higher value of Mg than desirable limit i.e. 30 mg/l in all the seasons (as per IS: 10500). Increased concentration of Mg can be due to auxiliary iron industries in downstream areas.
Sulphate
At all the sampling stations the values of sulphate are within desirable limit (i.e. 300 mg/l) in all seasons. Values of sulphate are found rising during monsoon at stations S-4 to S-7. Consumption of water with high amount of sulphate causes intestinal problems in normal human (Heizer et al., 1997) . During postmonsoon season the values of sulphate are lowered down significantly.
Nitrates
Nitrate occurs naturally and due to its solubility and anionic form, its mobility in ground level is very high and hence it is very essential to analyze its well known adverse effects on health (Nas and Ali, 2006) . The excess of nitrates causes "Blue-Baby" disease in bottle-fed infant (Knobeloch et al., 2000) . Downstream water of river has shown higher value of Nitrate (NO 3 ) concentration during monsoon and post monsoon season and that can be due to use of organic and inorganic fertilizers use in the agricultural fields (Mattikalli NM and Richards KS, 1996) .
Flouride
Fluoride concentration of approximately 1.0 mg/l in drinking water effectively reduces dental caries without harmful effects on health but high concentration causes dental and skeletal fluorosis (Fordyce et al., 2007) . At most of the locations, the fluoride values found more than 1.0 mg/l. In monsoon and post-monsoon seasons the fluoride values increased at most of the sampling stations.
Total Alkalinity
Alkalinity in water is due to the presence of carbonates, bicarbonates and hydroxide constituents, which may be derived from dissolved rocks, salts or sediments (Kumar et al., 2012) . At most of the sampling stations the average values of total alkalinity is found lower during monsoon season compared to pre-monsoon and post-monsoon seasons. However, value of total alkalinity at stations S-4 to S-7 are found more than 200 mg/l. Large alkalinity imparts bitter taste to water.
Stream Velocity
Smaller rivers with low flow have less capacity to dilute and degrade potentially harmful pollutants (EPA, 2012) . Stream velocity is measured at various sampling stations. At most of the stations stream velocity found more in monsoon season than premonsoon and post-monsoon seasons.
Descriptive physical and biological parameters
The colour of water is mostly observed changing from colourless to slight yellow at downstream of the river in both the pre-monsoon and monsoon seasons whereas at all the stations no colour is observed in water samples except at station S-4 in post-monsoon season. Station S-4 is just on downstream side of solid waste dumping site. Sampling station S-3 near Kalaghoda bridge of Vadodara city has ever represented odorous water quality in all seasons which may be due to discharge of untreated sewage. Station S-4 is found odorous in post-monsoon season which can be due to solid waste dump site on upstream of site as a Non-Point source of pollution. Coliforms in water are indicators of contamination of human or animal faecal waste. Human waste contamination in water causes water-borne diseases such as diarrhea, typhoid and hepatitis (Theron and Cloete, 2002) . High level of coliform counts in water samples indicates a contaminated source, inadequate treatments or post-treatment deficiencies and inadequate as well as unhygienic handling of solid waste. At most of the sampling locations, total coliforms counts were equal or more than 1600 MPN/ 100 ml which exhibits standard of class "C" (< 5000 MPN/100 ml, CPCB) of the river during pre-monsoon and monsoon seasons whereas the average total coliforms counts reduced within limits of standard class "B" (< 500 MPN/100 ml, CPCB) in the river during post-monsoon season.
The presence of fecal coliform bacteria in aquatic environments indicates that the water has been contaminated with the fecal material of human or other animals. The source water may have been contaminated by pathogens or disease producing bacteria or viruses which can also exist in fecal material. In pre-monsoon season, all the sampling stations represented higher counts of fecal coliform bacteria which may occur in ambient water as a result of the overflow of domestic sewage or nonpoint sources of human and animal waste. In monsoon and post-monsoon seasons, most of the sampling stations represented considerably less counts of fecal coliforms due to high stream velocity and thereby high stream flow. The faecal coliforms are found relatively high at downstream stations S-5, S-6 and S-7 which may be due to flushing of fecal materials into the river.
Total Suspended Solids
Average values of total suspended solids increased in monsoon and post-monsoon seasons at most of the sampling stations i.e. from stations S-3 to S-7, which may be due to more flow during monsoon and postmonsoon seasons.
Biological Oxygen Demand and Chemical Oxygen Demand
Unpolluted waters are usually observed with BOD values of 2 mg/L or less, whereas those receiving wastewaters may have values up to 10 mg/L or more, especially the point source of waste water discharge and similarly COD values are observed 20 mg/L or less in unpolluted surface waters and greater than 200 mg/L in waters receiving effluents (Chapman, 1996 ) . At most of the sampling stations, the value of BOD and COD decreased during monsoon and postmonsoon seasons. BOD and COD values are found higher in downstream water (i.e. from stations S-4 to S-7) in all seasons which may be attributed to the discharge of domestic wastewater from the upstream stretch of these stations. Most of stations indicate BOD values more than 3 mg/l (desirable limit as per CPCB for class C) in all seasons.
Heavy Metals
Heavy metals like Cd, Cu, Pb, Hg and Ni were found below detectable limits at all the sampling locations in all seasons. At most of the sampling stations, value of Fe is found more than desirable limit i.e. 0.3 mg/l during pre-monsoon season. At station S-4, just downstream of solid waste dump site, Fe and Zn values are found more than acceptable limit in premonsoon season. Reason for the increase in Fe content might be due to the disposal of domestic wastes and other urban wastes into the river water (Neel et al., 2008) . Consumption of drinking water with high level of iron may cause liver disease called "Haemosideroslis" (Rajappa et al., 2010) . At station S-5, small concentration of Mn is observed during monsoon which is again within desirable limit.
CONCLUSION AND RECOMMENDATIONS
Vishwamitri is rich with higher concentration of dissolved oxygen at its upstream stretch. Solid waste dumped on bank of Vishwamitri and untreated sewage disposal due to inadequate treatment capacities of Sewage Treatment Plants (STPs) are to be managed scientifically which may otherwise liberate undesirable colour and odour in river water. Assessment of point or non-point sources of heavy metals present in Vishwamitri is required. Release of untreated or partially treated waste water is to be immediately controlled. Reduce, recycle and reuse of water at source can minimize the pollution load on Vishwamitri. Efficient treatment is required for sewage and industrial effluent disposed into Vishwamitri. Downstream water (i.e. Stations S-5, S-6 and S-7) of Vishwamitri is having very less dissolved oxygen with more BOD and COD values. The downstream stretch of the river is also found with higher values of hardness and alkalinity. Concentration of chloride, magnesium and sulphate is also more in downstream stretch. Use downstream water of Vishwamitri for irrigation is to be adopted after proper treatment. Inspite of river remains more turbid with higher concentration of nitrates and fluorides during monsoon and post-monsoon seasons, both total coliforms and fecal coliforms counts are reduced with more flow.
For Vishwamitri river, action plan is required to control the pollution occuring through various anthropogenic activities. Even with little or no flow and an excess of wastewater, river may become sources of diseases. Assessment of environmental flow required to restore Vishwamitri into its own habitat by reducing the existing pollution state of various stretches of the river is need of hour. Storage capacity of reservoirs like Pratappura Sarovar, Dhanora Talav, Haripura Talav and Vadadla Talav and Ajwa Sarovar located nearby upstream stretch of Vishwamitri can be increased to store excess runoff. Consistent flow of fresh water is to be released in terms of environmental flow in Vishwamitri through the tributaries of these reservoirs. Rainfall-Runoff modeling for Vishwamitri watershed can be integrated for the same.
